Investigating the dopaminergic synapse in vivo. II. Molecular imaging studies in small laboratory animals.
Dopaminergic synaptic function may be assessed either at the presynaptic terminal or at the postsynaptic binding sites using molecular in vivo imaging methods. Apart from the density of binding sites, parameters such as alterations in dopamine synthesis, dopamine storage or dopamine release can be quantified either by application of specific radiotracers or by assessing the competition between the exogenous radioligand and endogenous dopamine. The performance of animal studies allows the induction of specific short-term or long-term synaptic conditions via pharmacological challenges or infliction of neurotoxic lesions. Therefore, small laboratory animals such as rats and mice have become invaluable models for a variety of human disorders. This article gives an overview of those small animal studies which have been performed so far on dopaminergic neurotransmission using in vivo imaging methods, with a special focus on the relevance of findings within the functional entity of the dopaminergic synapse. Taken together, in vivo investigations on animal models of Parkinson's disease showed decreases of dopamine storage, dopamine release and dopamine transporter binding, no alterations of dopamine synthesis and DA release, and either increases or no alterations of D2 receptor binding, while in vivo investigations of animal models of Huntington's disease. showed decreases of DAT and D1 receptor binding. For D2 receptor binding, both decreases and increases have been reported, dependent on the radioligand employed. Substances of abuse, such as alcohol, amphetamine and methylphenidate, led to an increase of dopamine release in striatal regions. This held for the acute application of substances to both healthy animals and animal models of drug abuse. Findings also showed that chronic application of cocaine induced long-term reductions of both D1 and D2 receptor binding, which disappeared after several weeks of withdrawal. Finally, preliminary results yielded the first evidence that acute pplication of haloperidol might induce a reduction of dopamine transporter binding, indicating an enhancement of dopamine release into the synaptic cleft. It is remarkable to what degree the findings obtained with small animal imaging devices correspond to the results of clinical and experimental studies on humans. This agreement underlines the validity of small animal imaging methods and demonstrates the feasibility of further investigations on animal models of human diseases.